statement  a 


DlSTRlIiUTI 

Approved  {ox  public  iel«<m| 
Distribution  Unlimited _ 


W  '-A 

Iwj 

ja  13 

oni  International 


l; 


JASON  TECHNICAL  NOTE 

JSN- 79-09 


SIMPLE  ONE  DIMENSIONAL  MODELS  OF  THE 
PENETRATION  OF  RODS 


Robert  E.  LeLevier 


December  1979 


L 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  IWIIW  Of  |M*MI 


REPORT  DOCUMENTATION  PAGE 


■mont  Mima 


5^1  ~JSN- 79-^9  / 


.Title  land  Igoinwl 


a.  GOVT  ACCESSION  NO 


Robert  Z.j LeLevier~ 


Staple  One  Dimensional  Models  of  the  Penetration  J 
of  Rods  ,  m 


7.  AUTMO All) 


S  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

SRI  International  ✓ 

1611  N.  Kent  Street 
Arlington,  VA  22209 


mj 


11  CONTROLLING  OFFICE  NAME  ANO  ADORESS 

Advanced  Research  Projects  Agency 
1400  Wilson  Boulevard 
Arlington,  VA  22209 


7/ 


14  MONITORING  AGENCY  NAME  S  ADDRESS  (if  diff  from  Controlling  Offico) 


IS.  DISTRIBUTION  STATEMENT  (of  Mil  roport) 


RIAD  INSTRUCTIONS 
St  TONS  CONRLCTING  TORN 


3.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  a  PERIOD  COVERED 


'Technical 


1 


+**j  ) 


%  PERFORMING  OAG  REPORT  NUMBER 

JSN-79-09  ^ 


S  CONTRACT  OR  GRANT  NUMBER(l) 

3-78-C-^86,'  J 

('  &  rdev  -  3  5- 0</l 

10  IRUURUM  ELI«lllll^!W?ni^*frn 


10  _ _ 

AREA  a  WORK  UNIT  NUMBERS 


A.O  2504,  27 

&  28 

12  REPORT  DATE 

13.  NO  OF  PAGES 

1  DecMMM79  / 

T  It  SECURITY  CLASS.  <Of  tbit  report)  g 

UNCLASSIFIED 

|  15e  DECLASSIFICATION /DOWNGRADING  1 

SCHEDULE 


Cleared  for  open  publication;  distribution  unlimited. 


17.  distribution  statement  (.disclaimer)  The  views  and  conclusions  contained  in  "this  doc- 

should  not  be  interpreted  as  necessarily  represen- 

Isj.iS  *1Lcyao,pcFsrt!.iltsSvresi„e?5ei "  »f  ««  "*-<*"  *«•«<* 


IS.  SUPPLEMENTARY  NOTES 


IS.  KEY  (WORDS  (Cont.no*  on  n 


•id*  if  ndc*M*ry  and  identify  by  block  number) 


ARMOR  PENETRATION 
LONG  ROD  PENTRATORS 


20.  ASST/ 


X 


ACT  (Continue  on  n 


V  and  identify  by  block  number) 

is  note  discusses  a  simple  one  dimensional  model  for  describing  the  penetra¬ 
tion  of  armor  by  rods  based  upon  work  by  Alekseevshii  and  Gogolewski.  We  show  that 
these  models  give  incorrect  results  because  they  assume  that  the  mass  of  the  target 
material  is  constant,  not  a  function  of  time  as  it  actually  Is.  We  show  that  assum¬ 
ing  this  time  dependence  of  the  mass,  yields  results  quite  consistent  with  experi¬ 
mental  data 


ft 


DD,  £7*1,1473 

lOi  WON  00  1  NOV  «  It  00M 


UNCLASSIFIED 


LKTC 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  ((When  Data  Entered) 


fy/ 


t 


K 


SIMPLE  OKI  DIMENSIONAL  MODELS 
OP  TIE  PSDET1ATION  OP  IODS 


There  ere  e  large  nuaber  of  elaple,  one-dlaenslonal  models  which 
atteapt  to  provide  eatlaeces  of  the  peoetretloo  of  rode  la  terget 
aeterlale.  Soae  of  the  aodela  become  quite  sophisticated*  For  ezaaple, 
the  A1AP  work  etteapte  to  Include  the  effecta  of  target  heetlag  la  the  flow 
about  the  iatrudlag  projectile* 


ley  Gogolewekl,  TTO,  DAIPA,  dlecuaeed  e  particularly  elaple  model 
which  purported  to  agree  eaaeatlally  with  the  data  aad  which  provided  uae- 
ful  ecallag  lawa.  This  aodel  la  baeed  on  Alekseevshil's  work  ^ 1 ^  aad  Intro¬ 
duces  the  concept  of  anas  erosion  of  the  penetrator  where  u  la  the 
eroaion  speed  la  the  target  aad  la  related  to  w  ,  the  speed  of  the  projec¬ 
tile  by. 


w 

1  ♦  f 


where  the  parameter  f  la  given  by 


i  aoc e^,_ 
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la  Iquatloa  (2),  P(  le  the  target  density  aad  Pp  ,  that  of  the  penetra¬ 
tor* 
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C 


i, 


n 


Gogolevakl's  aodel  begins  with  tha  conaarvatloo  of  aoaantua 
vi It tan  aa, 


dw 

dt 


A 


(3) 


Where  o  la  the  yield  atreaa  of  the  rod,  A  the  croa8  sectional  area 
P 

and  a  the  mass  which  la  decreaalng  with  tine  due  to  erosion.  This  cannot 
be  the  correct  moaentun  equation  becauae  the  aasa  _is_  varying  with  tiae.  In 
the  apirlt  of  theae  staple  models  the  momentum  equation  ahould  read. 


<S 

dt 


av  «  ~o  A 

p 


(4) 


Let  us  discuss  this  more  correct  aodel  and  return  to  the  Cogolewskl 
approach,  Eq.  (3),  later  on. 


Equation  (4)  la  immediately  Integrated  to  give, 

"  ®o  wo  (1  " 


(5) 
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where  aQ  and  wQ  are  the  Initial  Bass  and  speed  of  the  penetrator  and 
the  tiae  constant  t  la. 
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a  w 


o _ o 
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The  rate  of  aaaa  erosion  la. 


(6) 
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Eq.  (7)  can  be  Integrated  with  the  help  of  Eq.  (5)  to  give 


. 2  _  _2 


-  [l  -  kx  <1  -■§)] 


where  X  =  t/t  and  the  constant  k 


,  w 

k  -  2  p  ~ 

p  1+f  Op 


The  penetration  P  Is  given  by 


P  -  /  udt 
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Perforalng  this  Integral  we  get. 


is. 


_2 

pt 
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W  No¬ 


where  L  is  the  original  length  of  the  penetrator 


This  expression  for  penetration  leads  to  the  result 


P 


k 

2  1+f 


(12) 


or  the  penetration  depth  Is  proportional  to  the  Initial  kinetic  energy  of 
the  rod.  This  agrees  with  experiments  In  the  speed  domain  Indicated. 

For  very  large  Initial  speeds  the  mass  erodes  to  zero  before  the 
speed  of  the  rod  goes  to  zero.  Consequently,  the  penetration  approaches 
the  value. 


P  -  L 


9 


(13) 


This  also  seems  to  be  a  well  known  limit  which  agrees  with  experiments  In 
the  Indicated  apeed  domain.  Thus  we  expect  the  penetration  as  a  function 
of  Initial  speed  to  look  like. 


I 


Id  agreement  with  the  data  praaantad 


2 

The  crossover  spaed  w^  Is  gives  by. 


(14) 


Eqs.  (11),  (12)  and  (13)  give  about  as  ouch  Information  os  scaling  as  one 
can  reasonably  expect  from  such  a  simple  one-dimensional  model. 


Turning  to  Che  other  momentum  equation  (Eq.  (3)),  one  can  show 
that  the  speed  w  Is  related  to  the  time  t  by. 


(15) 


where 
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2 
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1+f  °p 
f  P 
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(16) 


Again,  if 


we  find, 


(17) 


as  before.  On  the  other  hand,  as  wQ  increases,  the  penetration  lnc: 
without  bound  which  seems  to  contradict  the  data! 
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